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1 . 0  INTRODUCTION 

Because  of  the  relatively  low  tolerance  of  the  human  body  to 
forces  parallel  to  the  spine,  survivable  helicopter  accidents, 
in  which  sufficient  living  space  is  maintained  by  the  airframe 
structure,  may  impose  injurious  forces  in  the  vertical  direction. 
Because  insufficient  crush  space  is  available  within  the  floor 
structure  of  helicopters  and  light  aircraft,  the  seat  must  play 
a  significant  role  in  attenuating  these  potentially  injurious 
forces  to  tolerable  levels.  Recently  developed  helicopters  such 
as  the  U.S.  Navy's  SH-60B  Seahawk  and  the  U.S.  Army's  UH-60A 
Black  Hawk  and  AH-64A  Advanced  Attack  Helicopter  are  equipped 
with  seats  that  have  built-in  vertical  energy-absorption  systems. 

Presently,  fixed  energy  absorber  limit  loads  are  set  for  the 
50th-percentile  occupant,  under  the  crash  conditions  of  the  95th- 
percentile  survivable  accident.  A  heavy  (e.g.,  95th-percentile ) 
occupant  in  the  same  crash  conditions  may  bottom  out  at  the 
end  of  the  stroking  distance.  Conversely,  a  light  (e.g.,  5th- 
percentile)  occupant  will  not  be  able  to  take  advantage  of  the 
full  stroking  distance  available  and  will  be  subjected  to  accel¬ 
erations  of  higher  magnitude  than  desirable. 

The  objectives  of  this  program  were  to  analyze,  design,  develop, 
and  test  variable-load  energy  absorber  concepts.  The  development 
of  variable-load  energy  absorbers  will  make  it  possible  for  the 
limit  load  of  an  energy-absorbing  seat  to  correspond  to  the  occu¬ 
pant's  weight,  thus  providing  optimum  crash  protection  within  a 
given  fixed  stroking  distance. 

This  report  describes  the  efforts  undertaken  by  Simula  Inc.  to 
achieve  the  above-stated  objectives  under  Contract  No.  N62269-79- 
C-0241  for  the  Naval  Air  Development  Center.  The  major  concepts 
investigated  were  the  wire-bender  energy  absorption  system,  a 
passively  controlled  hydraulic  energy  absorber,  and  energy  ab¬ 
sorption  via  additional  deformation  of  an  inversion  tube. 
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The  following  sections  present  the  requirements^  applied  cri¬ 
teria,  design,  development,  and  testing  of  the  selected  variable¬ 
load  energy  absorber  concepts  and  methods  of  variability  control. 
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2.0  DEFINITION  OF  TERMS 


The  following  text  defines  key  words  used  in  this  report  which 
might  not  otherwise  be  familiar  to  the  reader. 

Energy  Absorber  (E/A),  Load  Limiter, 

Load  Limiting  Device,  Attenuator 

These  are  interchangeable  names  of  devices  used  to  limit  the  load 
.  .  .  .  ..ucture  to  a  preselected  value.  These  devices  absorb  en¬ 

ergy  by  providing  a  resistive  force  applied  over  a  deformation 
distance  without  significant  elastic  rebound. 

Limit  Load 


In  a  structure,  limit  load  refers  to  the  load  the  structure  will 
carry  before  yielding.  Similarly,  in  an  energy  absorbing  device, 
it  represent-  load  at  which  the  device  deforms  in  performing 
its  function. 

Companion  Energy  Absorber 

In  a  variable-load  energy  absorber,  the  total  limit  load  may  be 
the  sum  of  the  loads  from  two  sources,  one  source  being  a  fixed 
primary  energy  absorber,  the  other  being  a  variable-load  energy 
absorber.  In  such  a  case  the  fixed-lead  energy  absorber  is  said 
to  be  the  companion  of  the  variable-load  energy  absorber. 

Occupant  Vertical  Effective  Weight 

This  is  the  portion  of  occupant  weight  supported  by  the  seat  with 
the  occupant  seated  in  a  normal  flight  position.  This  is  consid¬ 
ered  to  be  8  0  percent  of  the  occupant  weight,  plus  equipment  and 
clothes  carried  above  the  knees,  since  the  weight  of  the  feet, 
boots,  lower  legs,  and  part  of  the  thighs  is  carried  directly  by 
the  floor  through  the  feet. 


3 


NADC-8  0  2  5  7-60 


Incremental  Control 


This  is  a  means  of  limit  load  control  on  an  energy  absorbing  de¬ 
vice  through  engagement  or  disengagement  of  mechanisms  in  dis¬ 
crete  increments,  e.g.,  engagement  of  different  numbers  of  wires 
in  a  wire-bending  type  energy  absorber. 

Infinite  Control 


This  is  a  means  of  limit  load  control  through  which  continuous 
adjustment  can  be  made  throughout  a  specified  range. 

Normal  Force 


Normal  force  is  defined  as  force  in  a  direction  which  presses 
friction  surfaces  together. 
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3.0  REQUIREMENTS  AND  ASSUMPTIONS 


The  variable-load  energy  absorber  program  was  required  to  comply 

with  the  following  conditions: 

e  The  variable-load  energy  absorber  was  required  to  be 
designed  for  the  5th-  through  95th-percentile  occupants 
exposed  to  the  95th-percentile  survivable  crash  pulse 
in  the  vertical  direction. 

•  At  the  time  this  program  was  begun,  criteria  specified 
a  14.5-G  vertical  limit  load  as  an  optimum  for  the 
range  of  occupant  size.  For  purposes  of  this  study, 
possible  differences  in  dynamic  response  and  decelera¬ 
tion  tolerance  among  occupants  of  different  weight  were 
neglected. 

•  Energy  absorber  limit  load  could  be  varied  continuously 
over  the  range  required  to  decelerate  5th-  through 
95th-percentile  occupants  at  14.5  G.  Alternatively,  as 

few  as  three  discrete  levels  could  be  selected  to  cover 
that  range  in  three  bands. 

•  Control  of  the  energy  absorber  could  require  either 
conscious  action  on  the  part  of  the  occupant  (active 
system)  or  no  action  (passive).  Emphasis  was  to  be 
placed  upon  active  systems. 

•  Electronic  devices  were  not  to  be  used  as  part  of  the 
weight-sensing  or  control  mechanisms. 

•  The  variable-load  energy  absorber  concepts  were  re¬ 
quired  to  be  retrofittable  to  crewseats  in  the  SH-60B 
(LAMPS)  Seahawk,  UH-60A  Black  Hawk,  and  AH-64A  Advanced 
Attack  Helicopters. 


5 


\t  -A,.  , 


I 

HA  lit* 


* . ■>  vii'ingir.-ii.v.ij  .ti.ty.ait  jmarjmu  JJULW, 


4.1  uumu  mmmmiuiim 


Huny  wgi»  L<1  buyliL  fuith  d'lltny  hf  ftihi  ••fiiyhi/ 

and  each  */#§  gva  1 'jitsd  In  Lttlni  u£  Hit  f *# 1 1 'swiiiy  shtiiu* 

tef  i 


j 

I 

\ 


} 


f 


i 


r 

F 

i 


•  r 


•  SUVm 

•  .  .  .  F«  *‘if  t  i-jl*/iW 


•  Adjustability 

•  11‘iWf 

■  With  what  *■••? 

•  Cuntinuau*  >jl  inyruncnlsU 


•  Law  r«9hni«ti  fU§H 

*  Wli*L  I*  tliu  |.i I  M  V  u£  4*V«>  I  m|  i- blit*  )  •yutifcii? 

*  Anal'/1  1 1  i *  1  m  Ml'tj  1 1  '•<*!/ 

-  lu  mAiJhvAiO  f^del  t  *U/ 


•  *•.«*  1  !«.' 

*>  ri  <«  jw'.-i.ktj  Mu  mi  i  iiMM  u*>twn#ii  rtil  'ii  f#/ 

»  i)  i  I'.i-J  j  '■> / 

rail  * 4 f m / 

*  VlLi  itlufi  I •ilBlaii'.ic / 


•  h^w  h<rfgt 


*  L'jw  WoJyli' 

*  tliUBM 

*  i  I'eLwun'l  LucJ 
■  |jy  i  ikw)  r  / 

-  Ibjt  dgyiadu  UuMij  an  I -m  whui  y/  •  la"il/uif 


A'.uui 

»  I*  I  U'l  •  I  'ill  'if  t!  )l|fcl  IMlrl.l  t 

-  Ay  i  uwlliuli'  •/£  With  lit4.Jl.jLyl 

*  ‘i'imw  du|  uliiJwlM,  V  C  <1 1  I  f  L  |f 

CwhB'  ihL  I, ■  < * •  l  Till  ‘/Uylt  *U<  Mllukii 


■  lliyli 
•  I'  ]  «  i 
-  )'*  U 


1 1 1 1  *  i  «  I  ulrni'l"  •<  i  f  fiiuim  / 
I  1 44  <  a  m  u  In  |  ImU'.1 


lulil  1  L  I  V  l  L 


i  ' 


r 


4i' h4in| 


•  '■Mi. 


1  •#• -w 


W 


4 


« 


*“»  »  .1 


..fllil,! 


:;ADC-30257-G0 


4,,'  DtSIoJi  Q  ITl.l'J A 


Tha  following  err  tar  La  wain  considered  in  the  design  of  the  sys- 

£im*  i 

•  lnLurchangnabillty  of  energy  absorbers, 

•  Configuration  modification  of  energy  absorber  (i.e,,  it 
is  not  dsairable  to  change  the  stroking  length  by  any 
appreciable  amount  or  the  fixed  length  between  the  rod 
ends  which  are  th<*  attachment  points  for  the  device). 

•  Clearance  for  the  actuation  mechanism  at  the  energy  ab- 
•orbera  and  at  the  occupant  control,  taking  into  con¬ 
sider  all  on  the  surrounding  area  and  the  stroking  and 
veitiual  adjustment  of  the  bucket. 

•  Occupant  control  location.  Control  should  be  easily 

«n4  either  by  feel  (incremental) 

er  by  «i«he  (infinite). 

•  Ca  1  I  l/i  at. lop  i  jf  goiii.ro]  syatum  (i.e.,  synchronization  of 
both  1',/Am  with  eoeh  ulhei  and  with  the;  control  adjust- 
moiii  to  oiifeuiu  tli*}  accuracy  of  the  desired  load  and  the 
load  do)  |  vet  <j<3  )  . 

•  a  Imp]  telly,  l  kouplny  parts  simple  arid  to  a  mini¬ 

mum  i 

•  u»«i  of  siandaid  l turns  wherever  possible,  thus  mini¬ 
mizing  the  inaiiu tactui  Iny  costs. 

•  Packaging  of  the  var lable-loud  energy  absorbers  within 
Lho  volume  y I  the  oxlstiny  fixed-load  energy  absorbers. 

0  base  0/  assembly  ( pi  eduction ) . 

0  i»wt  i  or  j «  Labi  J  i  i  y  of  vi.or yy  abuorbura  in  the  field  and 
of  ins tal 1  at  ion. 

0  Ma  J  n<  unancu  free  ui  niLiilmal  periodic  maintenance  re- 
yu  lied. 

•  bow  oub i  . 

•  l,oW  Wa  1  y III  , 

»  lMjp>>ii>P.I,l  ]  l  ty  and  j  ul  l  abi  J  !  ty  . 
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4.2.1  Friction  Versus  Plastic  Deformation 

Energy  absorber  concepts  which  rely  heavily  upon  friction  have 
been  shown  in  the  past  to  be  unreliable.  Unacceptable  load  var¬ 
iations  result  from  changes  in  friction  coefficient  and  normal 
force  due  to  changing  conditions  of  surface  finish,  lubricants, 
contaminants,  aging,  vibration  fretting,  corrosion,  and  toler¬ 
ances. 

All  concepts  which  were  considered  emphasized  plastic  deforma¬ 
tion.  Friction  forces,  if  present,  were  considered  incidental  to 
the  design  and  were  minimized. 
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5.0  CONTROL 

5.1  TYPES  OF  CONTROL 

The  original  intention  was  to  stu dy  two  types  of!  control  systems, 
passive  and  active.  These,  and  a  third,  hybrid  system  called  ec- 
tive  without  selection  (AWS),  are  discussed  in  the  following 
text. 

5.1.3,  Passive  Control 


No  action  or  even  awareness  on  the  part  of  the  occupant  would  be 

required  for  «  passive  system.  Compensation  Cor  the  effective 

weight  of  the  ooeupsnt/  ss  well  AS  his  equipment,  would  bo  suto» 

matic . 


5. 1.1,1  Acculoratlon-itunui  ng  Conti.  ol  .  In  a  hydi  sulic  energy  ab- 
sorter,  automatic  control  could  bn  eccompl » shod  by  a  heoelei  stion- 
aunsmy  eutvo  valve  used  to  throttle  the  flow  of  hydraulic  fluid. 

A  portion  of  the  pi  ywsurl  isod  fluid  within  U-e  energy  absorb'-i 
would  be  bled  uft  and  used  to  power  the  ami'll  flat  siege  of  the 
aorvo  valve.  The  high  frequency  response  of  suet1  a  seivo  valve 
iu  a  sufficiently  difficult  problem  to  bg  the  sole  subject  of  sn 
extensive  development  program,  arid  was  outside  the  scope  Of  this 
project.  Also,  a  hydraulic  cylinder,  unless  It  is  capable  of 
telescoping  by  means  of  multiple  concent!  i'1  tubes  or  by  a  cable 
and  pulley  arrangement,  could  not  provide  the  necessary  stroke, 
and  therefore  was  unsuitable  for  retrofit  purposes. 

No  other  practical  acceleration-sensing  control  devices  were  en¬ 
visioned.  lnertia-up.ii  si ua  muchanlcu 1  devices  v/giu  Judged  inesp- 
ablu  ol  sufficient  accuracy  or  frequency  response. 

b  .  1 .  1. .  ?.  Wo  I  glit-bcim  J  in  c'cnli  ol  .  Thu  effective  Weight  of  the  oc¬ 
cupant  plus  equipment  could  be  seiiHod  in  the  following  locations  i 
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•  Seat  ;u»hloh 

•  V«rti<,‘«l-ad justmont  machaniam 

•  Energy  absorber ( a ) . 

If  sensed  at  the  cushion#  the  total  weight  must  be  computed  as 
the  integral  of  pressure  over  all  contact  area  between  the  occu¬ 
pant  and  cushion.  No  practical  means  for  meeting  this  require¬ 
ment  was  conceived. 

the  sensing  of  weight  at  the  vert lcsl-adjustmant  mechanism  would 
he  desirable  because  relative  motion  and  locking  is  already  a 
feature  provided  by  this  device.  Seats  that  have  been  designed 
fey  SinHiU  Sim*  have  ana  ainyia  vartioal-adjustmsnt  mechanism 
which  joins  both  energy  absorbers  to  tha  bucket,  thus  only  ona 
weight-sensing  device  is  necessary  to  control  both  energy  ab- 
sotbsus.  This  approach  would  be  preferred  tor  nuw  soat  designs; 
but  wa*  not,  desirable  fot  this  program,  au  retrofit  v/ould  roquiro 
wktenslve  t  epl  aceinani  of  parte  in  the  vwt  t.lcal  -adjuutinunt  mecha¬ 
nism  In  addition  to  the  energy  absorbers. 

Tli*i  most,  suitable  location  for  tha  weight  sensor  appeared  to  be 
upon  onn  ut  both  energy  absorbers.  The  wul ght-»anslny  function 
would  be  pur  tor  mud  by  a  spring  device,  the  deflection  of  which  is 
pi  opoi  Lionel  to  the  downward  force  upon  the  bucket.  Total  move¬ 
ment  on  Lhv  order  of  1/2  in.  was  considered.  A  problem  with  this 
system  wen  that  ilia  net  downward  force  upon  the  bucket  may  not 
by  pr  opoi  tlona]  to  thy  dualled  mass  parameter  ,  Vibrations  and 
flight  loads  resulting  from  maneuvers,  or  possibly  oven  froei'all, 
euconds  before  a  clash  may  cause  erroneous  weight.  sensing.  One 
method  of  preventing  this  would  by  to  dampen  thu  waight-aunriiny 
device.  A  v*uy  powerful  viscous  force  would  by  nucussary  to  pro¬ 
ven'  unwanted  transient  do  1  luct  J  one ,  especially  II  the*  motion  of 
tile  sens  1  ny  d«vleu  is  I u i‘ w  than  1/2  In. 
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Inaccuracies  of  deadband  or  hysteresis  caused  by  ordinary  mechan¬ 
ical  friction  in  the  control  system  were  not  considered  to  be  a 
problem  because  of  the  presence  of  vibration. 

In  emergency  situations  where  the  seat  becomes  occupied  a  brief 
time  before  takeoff,  the  highly  viscous  damped  control  system  may 
not  reach  equilibrium  before  takeoff  of  the  aircraft. 

An  automatic  inertia-operated  locking  feature  is  required  of  the 
control  mechanism  at  the  onset  of  a  crash  to  prevent  the  control 
from  being  "fooled"  into  believing  that  the  occupant  is  suddenly 
becoming  more  massive  than  he  really  is. 

To  date,  the  seats  which  Simula  has  manufactured  have  not  been 
entirely  free  of  friction  during  vertical  adjustment.  The  roller 
bearings  with  which  the  bucket  adjusts  vertically  may  encoun¬ 
ter  slight  irregularities  in  the  guide  tube  on  which  they  roll. 
There  may  also  be  a  condition  of  contamination  of  the  guide  tubes 
with  dirt  and  debris  which  would  cause  more  undesirable  friction 
and  load.  Any  additional  friction  such  as  this  is  undesirable 
and  would  create  a  false  interpretation  of  the  actual  load  by  the 
weight-sensing  mechanism. 

5.1.2  Active  (Control)  Without  Selection  (AWS) 

In  this  scheme  the  limit  load  would  be  selected  automatically, 
but  the  occupant  would  be  required  to  lock  that  setting.  This 
approach  would  prevent  the  occupant  from  either  accidentally  sel¬ 
ecting  an  incorrect  load  or  consciously  subverting  instructions 
in  order  to  provide  a  limit  load  which  he  feels  is  "safer." 

Once  locked,  the  limit  load  would  be  unaffected  by  variations  in 
net  force  on  the  weight-sensing  device  which  might  result  from 
flight  loads  just  prior  to  a  crash,  or  from  inertial  loads  at  the 
onset  of  a  crash.  Friction  such  as  discussed  in  Section  5. 1.1. 2 
would  still  be  a  problem. 
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5.1.3  Active  Control 

An  active  control  system  would  require  an  occupant  to  select  an 
energy  absorber  load  setting  to  correspond  to  his  weight.  This 
action  would  be  performed  during  the  preflight  check  by  rotating 
a  dial  (infinite  control)  or  positioning  a  lever  (incremental 
control)  located  accessibly  on  the  seat  bucket  or  frame.  The 
dial  or  lever  would  control  both  energy  absorbers  simultaneously 
through  some  type  of  linkage,  most  likely  flexible  shafting  or 
flexible  push-pull  cable. 

The  single-point  control  for  both  energy  absorbers  is  recommended 
over  a  system  which  would  require  adjustment  of  each  energy  ab¬ 
sorber  independently.  The  latter  system  would  be  clumsy  because 

of  the  inaccessible  position  of  the  energy  absorbers  on  the  back 
of  the  seat. 

Survival  equipment  carried  on  an  occupant's  body  may  alter  the 
effective  stroking  weight  significantly.  It  was  therefore  de¬ 
cided  to  permit  the  occupant  to  compensate  for  this  variation  in 
weight  as  he  selects  the  proper  limit  load.  His  estimation  of 
the  weight  of  the  equipment  he  carries  may  be  a  source  of  error 
of  perhaps  ±5  lb. 

5. 1.3.1  Requirements  for  Active  Control  System.  As  indicated 
previously,  the  load-varying  mechanism  at  the  energy  absorber 
would  be  controlled  through  flexible  cable  from  a  lever  or  dial 
located  accessibly  on  the  seat  bucket.  With  this  control  system, 
accuracy  of  the  input-output  function  through  the  cable  becomes  a 
consideration . 

Some  energy  absorbers  require  control  in  discrete  increments  such 
as  the  engagement  of  different  numbers  of  wires  in  a  wire-bending 
or  wire-drawing  mechanism.  For  instance,  a  spring-loaded  detent 
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could  be  provided  for  each  increment  at  either  the  energy  ab¬ 
sorber  or  at  the  input  lever  or  dial.  It  was  found  to  be  prefer¬ 
able  to  locate  the  detent  at  the  energy  absorbers  in  order  to 
minimize  the  effect  of  inaccuracies  in  the  control  cable.  For 
three  or  four  increments  of  load,  the  pilot  should  be  able  to  set 
the  control  input  lever  by  feel  without  need  for  visual  indexing. 

For  infinitely  variable  energy  absorber  controls,  a  method  of 
visual  indexing  at  the  input  end  of  the  cable  would  be  required. 

This  input  index  must  be  synchronized  to  the  variable-load  mech¬ 
anism,  requiring  precise  input-output  motion.  Push-pull  flexible 
cable  is  not  suitable  for  this  because  it  is  inherently  imprecise 
even  with  spring  preload  to  reduce  the  slack?  for  any  given  input 

position,  the  output  position  is  dependent  upon  the  radius  and 
number  of  bends  in  the  cable,  as  well  as  upon  wear  and/or  damage. 
Also,  spring  preload  may  interfere  with  the  fail-safe  functioning 
of  the  control,  that  is,  the  ability  of  the  control  to  maintain 
the  selected  load  setting  even  though  the  lock;  of  the  input  lever 
may  have  failed. 

A  more  dependable  method  for  transfer  of  infinitely  variable 
limit-load  demand  is  the  utilization  of  rotary  displacement 
through  flexible  shafting.  At  the  input  end,  the  flexible  shaft 
could  be  turned  through,  say,  five  complete  revolutions.  At  the 
output  end,  the  flexible  shaft  would  drive  a  worm  or  screw  which 
would  translate  the  rotary  displacement  into  precise  linear  dis¬ 
placement.  A  mechanical  detent  or  friction  drag  on  the  dial 
would  prevent  its  setting  from  changing  due  to  vibration. 

The  worm  or  screw  drive  mechanism  coupling  the  cable  to  the  vari¬ 
able-load  mechanism  is  inherently  capable  of  sustaining  high  re¬ 
action  loads  and  cannot  be  back-driven,  especially  if  the  chosen 
lead  angle  is  less  than  5  degrees. 
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6.0  ENERGY  ABSORBER  CONCEPTS 


Three  major  concepts  were  selected  from  among  many  possible  for 
development  and  breadboard  testing  or  computer  simulation  and  de¬ 
sign  analysis:  wire  bender,  hydraulic  cylinder,  and  tube  con¬ 
strictor.  These  concepts  are  discussed  more  fully  in  the  follow¬ 
ing  sections . 

6.1  WIRE  BENDER 


Previous  research  has  involved  energy  absorbers  whose  loads  were 
adjustable  in  steps  (i.e.,  increments)  by  means  of  varying  the 
number  of  wires  engaged  with  the  rolling  mechanism.  The  tests 
conducted  in  this  program  verified  that  for  a  fixed  set  of  con¬ 
ditions  (i.e.,  wire  diameter  and  roller  positions)  a  predeter¬ 
mined  load  can  be  accurately  attained  by  this  method. 

The  wire-bending  device  is  not  capable  of  supporting  compresive 
loads  by  itself  except  when  packaged  in  such  a  way  as  to  be  too 
long  for  the  intended  retrofit  application.  For  this  reason, 
another  device  to  supplement  the  wire  bender  was  needed.  The 
best  choice  appeared  to  be  an  inversion  tube  energy  absorber, 
already  qualified  and  in  use  on  the  seats  of  interest.  In  order 
to  conserve  space  and  to  protect  the  wire  bender,  it  was  decided 
to  package  the  wire  bender  inside  the  inversion  tube. 

For  an  incremental ly  adjustable  energy  absorbing  system,  the  de¬ 
sired  load  can  be  achieved  by  engaging  or  disengaging  wires  which 
have  been  guided  through  and  made  to  conform  to  a  set  of  fixed 
rollers.  For  a  specific  wire  diameter  and  set  of  fixed  rollers, 
a  unique  load  will  be  generated  by  pulling  the  wire(s)  through 
the  roller  set.  Because  of  the  packaging  restraints,  the  con¬ 
figuration  of  the  fixed  rollers  is  limited,  but  there  is  an  op¬ 
tion  on  the  wire  diameter  which  can  be  selected  to  give  the  de¬ 
sired  load  per  wire  for  a  given  fixed  roller  configuration.  The 
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specific  wire  diameter  which  will  create  the  desired  load  per 
wire  can  be  determined  by  testing. 

The  basis  for  the  infinitely  adjustable  energy  absorbing  system 
is  similar  to  that  for  the  incrementally  adjustable  type.  That 
is,  for  a  certain  wire  diameter  and  roller  configuration  a  spe¬ 
cific  load  will  be  delivered  from  pulling  the  wires  through  the 
roller  set.  However,  by  fixing  two  rollers  (i.e.,  top  and  bot¬ 
tom)  and  varying  the  center  roller  (by  occupant  control),  the 
load  can  be  altered.  For  each  position  of  the  variable  roller  a 
unique  load,  determined  by  the  roller  position,  will  be  attained. 
This  works  well  through  a  range  of  roller  positions  larger  than 
that  which  was  predicted  analytically.  Beyond  that  range  no  ad¬ 
ditional  increase  in  load  is  possible  because  the  wire,  having 
conformed  fully  to  the  rollers'  profile,  is  incapable  of  further 
deformation . 

6.1.1  Wire-Bender  Infinitely  Adjustable  Control 

The  infinitely  adjustable  wire-bender  energy  absorbing  system  is 
a  feasible  means  of  controlling  the  load  by  varying  the  adjust¬ 
able  roller  position.  However,  packaging  confinements  create  a 
problem  in  retrofitting  the  variable-load  energy  absorber  system 
onto  existing  seats.  A  system  was  not  found  which  would  allow 
the  clearance  necessary  for  the  adjustable  roller  to  perform  its 
function.  In  order  to  package  the  system  inside  the  inversion 
tube,  the  stroking  length  and/or  the  overall  length  would  change. 
Neither  of  these  situations  is  desirable. 

Due  to  this  problem,  the  infinitely  adjustable  wire-bender  energy 
absorber  was  considered  to  be  less  desirable  than  some  other  al¬ 
ternatives. 

6.1.2  Wire-Bender  Incrementally  Adjustable  Control 

An  incrementally  adjustable  wire-bender  system  is  practical  and 
can  be  accomplished  within  the  package  limitations  (i.e.,  inside 
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the  inversion- tube  energy  absorber).  A  system  has  been  designed 
which  will  allow  two  wires  to  be  incrementally  engaged  or  disen¬ 
gaged  individually  using  push-pull  cables,  thus  providing  three 
discrete  increments  of  load  {Figures  1  and  2).  The  smallest  in¬ 
crement  is  that  of  the  inversion  tube  acting  alone. 

There  would  be  no  increase  in  the  envelope  diameter  of  the  energy 
absorber.  There  would  be  a  projection  from  the  lower  end  of  the 
energy  absorber  where  the  push-pull  control  cable  would  enter 
the  engagement  system.  Extra  cable  length  could  be  provided  to 
accommodate  the  vertical  adjustment  of  the  bucket.  The  ±, 25-in. 
travel  of  the  cable  would  have  to  be  amplified  by  a  lever  at  the 
control  handle  in  order  to  provide  ±1.0  in.  of  travel.  A  decal 
beside  the  control  handle  would  instruct  the  occupant  in  its  use. 
It  is  expected  that  crewmen  familiar  with  the  handle's  use  would 
set  it  by  feel,  much  as  they  do  with  the  inertia  reel  lock  han¬ 
dle.  A  ball  detent  at  the  engagement  pin  would  provide  the  oc¬ 
cupant  with  a  positive  "feel"  for  each  of  the  three  engagement 
positions . 

6.1,3  Incremental  Wire-Engagement  System 

The  wire-engagement,  system  would  be  located  at  the  lower  end  of 
the  attenuator.  In  the  event  that  the  wire(s)  were  engaged  by 
the  engagement  pin  and  the  bucket  stroked,  they  would  be  pulled 
through  the  roller  package  (Figure  2).  The  roller  package  would 
be  fixed  at  the  upper  end  of  the  attenuator  (i.e.,  or  the  end  of 
the  inversion  tube).  The  wires  could  be  stored  below  the  roller 
package  in  a  helix  or  "S"  shape. 

A  plastic  sleeve  would  be  used  to  hold  the  wire(s)  in  location 
when  the  engagement  pin  was  at  the  position  which  would  disengage 
the  wire(s).  In  the  instance  that  one  or  both  wires  were  disen¬ 
gaged  and  the  attenuator  was  stroked,  the  plastic  sleeve  would 
shear  and  the  wire(s)  would  carry  no  load.  The  sleeve  would  also 
be  useful  in  reducing  the  sliding  friction  of  the  engagement  pin. 
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Figure  1.  Incremental  load  achieved  by  engaging 
or  disengaging  wires. 
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6.1.4  Results  of  Wire-Bender  Energy  Absorber  Concepts 

The  incrementally  adjustable  wire  bender  is  a  practical  solution, 
but  because  an  incrementally  adjustable  system  is  inherently  in¬ 
ferior  to  an  infinitely  adjustable  system,  work  on  the  incremen¬ 
tally  adjustable  wire  bender  was  discontinued  in  favor  of  the  in¬ 
finitely  adjustable  system  described  in  Section  6.3. 

As  mentioned  in  paragraph  *  1.1,  the  infinitely  adjustable  wire 
bender  is  not  well  suited  purposes,  and  no  further 
development  on  this  system  was  performed. 

6.2  PASSIVE  HYDRAULIC  ENERGY  ABSORBER 

The  computer  simulation  of  this  device  demonstrated  that  effec¬ 
tive  movable  weights  ranging  from  141  to  220  lb  could  be  decel¬ 
erated  at  nearly  the  same  rate  (see  Figure  3).  This  was  only 
verified  through  50  msec  of  the  crash  J.,  msec  the  in¬ 
put  acceleration  reached  its  48-G  peak  and  began  declining.  This 
discontinuity  inexplicably  caused  the  integration  routine  to  fail 
to  converge  properly,  causing  termination  of  the  program. 

The  passive  hydraulic  energy  absorber,  although  promising,  re¬ 
quires  uncertain  new  technology  and  could  not  be  developed  within 
this  project  to  the  extent  necessary  to  fulfill  the  deliverable 
hardware  requirements  of  the  contract.  The  passive  hydraulic  en¬ 
ergy  absorber  is  not  as  suitable  for  retrofit  as  other  systems, 
particularly  because  of  its  inherently  small  ratio  of  stroke  to 
package  length.  After  analytical  feasibility  had  been  demon¬ 
strated,  no  further  development  of  the  passive  energy  absorber 
was  conducted. 

6 . 3  CONSTRICTION  OF  A  TUBE 

The  fixed  energy  absorber  loads  for  crewseats  within  the  scope  of 
this  project  are  now  provided  by  inversion  tube  energy  absorbers. 
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Aft  at  inversion,  U,u  tub*’  trail  retains  enough  ductility  to  allow 

It  te  be  further  plastically  deformod.  A  constricting  mechanism 

4*J*l?d  the  inversion  tube  energy  absorber  was  investigated  for 
this  put  pose  (see  figure  4).  Tasting  in  the  early  part  of  this 
program  indicated  that  a  roller  mechanism,  such  as  that  shown  in 
figure  S,  is  capable  of  forming  grooves  in  the  inverted  tube, 
thus  creating  chough  additional  load  to  satisfy  the  requirements 
of  the  Variable  portion  of  the  required  load.  The  inversion  of 
the  tube  by  itself  provides  the  load  required  for  the  5th-percen- 
t 1 1 e  occupant,  and  tho  constriction  of  the  inverted  tube  can  pro¬ 
vide  the  varying  degrees  of  additional  load  required  for  occu¬ 
pants  up  to  the  95th  percentile.  This  concept  was  found  totally 
eultable  lor  further  development  end  ie  described  In  more  detail 
Ln  Section  7.0. 
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7.0  selected  ut:si-iii  and  DEbr/bi'AnLE  hardware 


7.1  GENERAL  FEATURES 


The  variables- load  energy  absorber  concept  saluctsd  to  be  devel¬ 
oped  into  deliverable  hardware  involves  the  constriction  ot  the 
inverted  tube  oC  an  ordinary  inversion  tube  energy  absorber.  The 
final  design  concept  is  similar  to  that  previously  illustrated  in 
Figure  4,  except  that  spherical  balls  h-ve  been  substituted  for 
rollers.  The  balls  make  it  possible  to  reduce  the  package  size, 
complexity,  and  cost.  Features  of  this  system  are  as  followsi 

•  The  variable-load  portion  of  the  energy  absorber  uses  a 
by-product  of  tha  fixad-load  portion,  thus  eoonosiliinf 

on  weight  and  cost, 

•  Stroking  length  of  the  variable-load  put  Lion  of  the  en¬ 
ergy  absorber  is  inherently  ogual  to  that  of  the  Clxad- 
load  invorsion  tube, 

e  Limit  load  can  be  infinitely  adjustable  fot  the  verti¬ 
cal  eiluctivo  weight,  range  of  1<!7  to  JV)  lb. 

e  Adjustment,  can  be  performed  th tough  a  compact,  tugged 
median  i  »m , 


Thu  tube-constricting  vat  table-load  energy  absorber  can  b«» 
adapted  oithcr  to  incremental  adjustability  or  to  Infinity  ad¬ 
justability  (over,  the  weight  spectrum  of  thu  5th-  through  the 
95th-porcunUlu  occupants).  Infinite  adjustability  wa#  provided 
on  the  deliverable  hardware  by  coupling  the  uneigy  absorburs  to  a 
remote  control  dial  and  to  each  other  by  meatus  of  flexible  total  y 
ishufta,  au  shown  in  Figure  t . 

Actually,  the  device  does  not  offer  Infinite  adjustability,  there 
being  mechanical  detents  at,  only  lv-ll,  l  ncr  oim  nts ,  llowuvet  ,  thu 
term  Infinite  tenia  ini,  convent  old  to  distinguish  this  system  Item 
u  variation  in  which  only  thtee  discrete  increments  covet  the  oc¬ 
cupant  weight  range  from  5th-  through  ydUi-pet cent  1 1 e . 


«  Ui.  CT 


Figure  6.  Varieble-load  energy  absorbers  connected  to 
remote  control  dial  by  flexible  shafts. 
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7 • 2  TUBE- CONSTRICTING  MECHANISM 

The  tube-constricting  mechanism  increases  the  energy  absorber  en¬ 
velope  locally  at  the  point  where  the  inversion  tube  emerges  from 
the  housing  as  shown  in  Figure  7.  The  mechanism  used  to  deform 
the  inversion  tube  consists  of  six  spherical  balls,  a  ball  re¬ 
taining  ring  and  a  ball  adjustment  ring  on  each  energy  absorber 
as  shown  in  Figure  8.  Although  more  friction  results  from  the 
use  of  balls  than  the  rollers  described  in  Section  6.3,  the  use 
of  balls  is  justified  by  their  greater  simplicity.  The  spherical 
balls  are  guided  within  cross  holes  in  the  ball  retaining  ring, 
which  is  riveted  to  the  energy  absorber  housing.  The  adjustment 
ring  has  six  "cammed"  or  "ramped"  surfaces  which,  as  the  adjust¬ 
ment  ring  is  rotated,  displace  the  balls  either  towards  or  away 
from  the  centerline  of  the  inversion  tube. 

The  rotational  movement  of  the  adjustment  ring  is  accomplished 
by  a  worm  gear  segment  attached  onto  the  adjustment  ring  and  is 
driven  by  a  worm  which,  in  turn,  is  rotated  by  a  flexible  shaft. 

The  worm  and  worm  gear  system  was  selected  because  of  its  inher¬ 
ent  self-locking  characteristics  (i.e.,  the  gear  is  not  capable 
of  driving  the  worm;  the  worm  must  drive  the  gear).  This  is  im¬ 
portant  because  the  selected  position  of  the  adjustment  rings 
must  not  be  affected  by  reaction  loads  of  the  balls  acting  upon 
the  ramped  surfaces. 

7.2.1  Preliminary  Test 

A  breadboard  test  model  of  the  deforming  mechanism  utilizing  six 
spherical  balls  was  built  and  tested.  The  adjusting  ring  was 
equipped  with  scribe  marks  at  every  2  degrees,  and  the  retaining 
ring  with  an  index  mark  so  that  degrees  of  rotation  could  be 
easily  recorded. 
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Figure  8.  Tube-constricting  mechanism  added  to  inversion  tube  energy  absorber. 


NADC-80257-60 


A  tube  which  had  previously  been  inverted  was  then  pulled  through 
the  test  fixture  with  the  hydraulic  ram,  as  shown  in  Figure  9,  at 

a  rate  of  1  to  3  in, /min.  For  each  increment  of  the  adjustment 
rotation,  the  load  was  sensed  by  a  load  cell  and  displayed  on  a 
digital  voltmeter.  Figure  10  shows  the  fluted  appearance  of  the 
tube  following  the  test. 

It  would  be  desirable  for  the  total  variable  load  absorbed  to  be 
generated  by  the  deformation  of  the  inversion  tube  around  the 
spherical  balls;  however,  an  additional  load  is  created  by  the 
friction  from  the  spherical  balls  rotating  within  the  ball  re¬ 
taining  ring  and  against  the  adjustment  ring.  The  spherical 
balls,  ball  retaining  ring,  and  the  adjustment  ring  have  no  in¬ 
herent  provision  for  lubrication. 

Because  friction  should  be  kept  to  a  minimum.  Teflon  or  graphite- 
type,  etc.  lubricant  coating  needs  to  be  applied  to  the  surface 
of  the  inversion  tube.  The  coating  must  also  provide  corrosion 
protection.  This  coating  can  either  be  a  dip  or  spray-on  type, 
and  must  have  the  capacity  to  adhere  to  the  tube  surface  as  the 
tube  is  inverted  during  stroking.  It  is  also  undesirable  for  the 
coating  to  flake  or  peel  off  at  the  point  where  the  spherical 
balls  are  deforming  the  inversion  tube. 

Teflon  coating  was  chosen  because  it  exhibits  the  best  combina¬ 
tion  of  properties  meeting  the  above-mentioned  requirements. 
Figure  11  shows  the  load-versus-rotation  characteristics  for  both 
lubricated  and  unlubricated  inversion  tubes. 

1.2.2  Incrementally  Adjustable  Control  (Not  Built) 

A  tube-constricting  mechanism  adapted  to  incremental  control 
which  would  cover  the  occupant  weight  range  in  three  discrete  in¬ 
tervals  was  investigated  on  paper  only?  no  hardware  was  built. 


pherical  ball  deforming  mechanism  P/N  SK10358 
5/16  diameter  balls  -  6) 


Influence  of  lubri  ion  on  load  versus  degrees  of  rotation. 
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As  shown  in  Figure  12,  it  would  share  many  similarities  to  the 
"infinitely"  variable  design.  Major  differences  would  include: 

the  cam  surfaces  which  govern  the  radial  position  of  che  balls 

having  three  steps  rather  than  being  continuous,  a  spring-loaded 
mechanical  detent  being  required  to  position  the  steps  to  align 
themselves  with  the  balls,  and  remote  control  being  accomplished 
by  a  three-position  lever  mechanism  similar  to  an  inertia  reel 
control  handle. 

7.3  REMOTE  CONTROL  MECHANISM 


As  previously  described,  the  worm  screw  of  one  energy  absorber  is 
connected  to  the  remote  control  dial  by  a  flexible  rotary  shaft. 
Another  short  flexible  rotary  shaft  connects  that  worm  to  the 

worm  of  the  other  energy  absorber.  In  this  manner  both  deforming 

mechanisms  are  positioned  simultaneously  and  accurately  by  the 
control  dial. 

For  test  purposes  the  control  dial  was  located  on  the  bucket  of 
an  SH-60B  Seahawk  (LAMPS)  crewseav  adjacent  to  the  right  shoulder 
of  the  seated  occupant  as  shown  in  Figures  13  and  14.  The  dial 
can  be  easily  turned  by  grasping  its  knurled  rim  as  shown  in  Fig¬ 
ure  15.  As  the  dial  is  turned,  weight  graduations  engraved  upon 
it  appear  in  the  window  of  the  housing.  An  exploded  view  of  the 
dial,  housing,  and  cable  connection  can  be  found  in  Figure  16. 

A  ring  gear  on  the  dial  drives  a  pinion  gear  on  the  flexible 
shaft  with  a  1:6  ratio.  This  permits  the  non-uniform  spacing  of 
the  weight  graduations  to  be  contained  within  one  turn  of  the 
dial,  while,  at  the  same  time,  the  flexible  shaft  rotates  through 
many  revolutions.  The  multiple  revolutions  of  the  shaft  are  im¬ 
portant  for  two  reasons:  first,  angular  deviations  resulting 
from  cable  flexibilities  are  reduced  to  a  small  percentage  of  the 
total  rotation,  thus  increasing  signal  transmission  accuracy; 
second,  the  worm  screws  at  the  driven  end  of  the  flexible  shaft 
require  many  turns  to  move  the  adjusting  ring  on  the  energy  ab¬ 
sorber  . 
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Figure  12.  Incremental  deforming  meonanism  on  energy  absorber, 
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Ti.”  :;r  jfyrtmi  r.ieann  o attaching  the  flexible  shaft  to  the  pinion 
g*’ar  1  •<  1. 1  luntratcd  xn  Figure  17.  The  actual  hardware  attach¬ 
ment*  AA  16  Appears  in  other  photographs,  differed  in  order  to 
make  use  of  moro  readily  available  flexible  shafts. 

7  .  4  CALI  UF.ATIOM  OF  THE  CONTROL  DIAL 

It,  was  decided  that  the  graduations  on  the  control  dial  should 
display  the  total  weight  of  the  occupant  plus  the  equipment  o=>r- 
t  led  on  hi*  body.  Operator  instructions  explaining  this 
played  on  the  control  housing  as  shown  in  Figure  18.  Graduations 
appear  on  the  dial  in  10-lb  increments,  and  a  spring-loaded  me¬ 
chanical  datont  holds  the  dial  in  place  when  one  of  those  gradua¬ 
tion*  appear*  in  the  window  of  the  housing.  Underlined  numbers 
in  the  "Total  Weight"  column  of  Table  1  show  the  weight  incre¬ 
ment*  chosen  to  be  displayed.  The  "Static  Load  Per  E/A"  column 
in  the  name  table  shows  static  eneryy  absorber  loads  correspond¬ 
ing  to  each  value  In  the  "Total  Weight"  column. 

A  nonlinear  relationship  exists  between  control  dial  rotation  and 
tttnLie  load;  therefore,  the  graduations  cannot  be  placed  at  equal 
angular  intervals  around  the  control  dial.  Correct  locations  of 
the  graduations  on  the  dial  were  determined  empirically  by  the 
to) lowing  method.  The  variable-load  energy  absorber  assembly  was 
attached  to  a  hydraulic  cylinder  and  load  cell  as  shown  in  Figure 
l'>.  The  energy  absorber  was  then  stroked  at  a  rate  of  2  in. /min. 
An  the  inversion  tube  was  being  stroked,  the  control  dial  was  ad- 
juwtud  to  achieve  the  largest  precalculated  static  load  reading 
from  the  "static  Load  Per  E/A"  column  of  Table  1  as  indicated  by 
tin-’  load  coll  digital  readout.  The  control  dial  was  then  marked 
to  indicate  240  lb  (see  Table  1).  The  control  dial  was  adjusted 
again  (thus  turning  the  adjusting  ring  on  the  energy  absorber)  to 
achieve  the  next  lower  predetermined  load  cell  reading  and  the 
cout.r.ol  dial  marked,  etc. 


3  5 


Figure  17.  Control  dial  for  the  infinitely  adjustable  system  for 
deforming  the  inversion  tube  with  spherical  balls. 


TABLE  1-  WEIGHTS  USED  TO  CALIBRATE  CONTROL  DIAL 


=  >, 
0 


i  >  :  s  3  :  i  i  :  t 

>. 


(qi)  V/3 

jo  uoj^jod  aiqsTJSA 


(qi)  itJ4*uio*o  pus  uoT^o-yaj  ^ 

©Mf  ps^snfp *  (2  jo  t)  g 

Y/X  9*0*1  opasu^a  5 


HrtWINNNINCIrtHrt 

ff\inr'fHp'naiuir-t'«r- 

OHHNNflnviAinin 


(qi)  qaqonQ  qx-£2 
SuTpnx oux  qqBtaM 
3Al^osj53  ITsqoj, 


(qi)  (  M)  qq^T^M  3A-cq  ^ 

-jajja  ^uvdnooo 


(qi) 

<  M)  qq£iT3M  T^qai 


o 

O 

cn 

*r 

** 

VC 

00 

O 

CN 

VO 

ON 

ON 

ON 

UN 

\D 

f- 

ON 

O 

rH 

o 

CN 

ov 

rH 

CN 

CN 

ro 

*r 

in 

VC 

oo 

ON 

o 

o 

rH 

(N 

fM 

cn 

<N 

CN 

CN 

CN 

ch 

<W 

m 

m 

<N 

<N 

a 

00 

UD 

«<r 

<N 

o 

00 

u> 

VO 

■<r 

m 

VC 

VC 

VC 

P** 

CO 

<T\ 

o 

o 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CN 

CN 

<N 

CN 

mP'r-ll/lMHmMntNri 
cMr.  *j>«irinioior'Oo<yio,\ 


VO 

<N1 

Ol 

Ol 

i*r 

Ol 

1 0 1 

IOI 

io 

l°i 

O|C0 

°l 

in 

VO 

f-* 

r- 

00 

1 CTN  | 

o 

rH 

fM 

m| 

ON 

tr 

rH| 

rHI 

IrHl 

IrH 

rnl 

IrHl 

(cnI 

ICN 

Irsl 

1  CNI 

ICN 

CN! 

<N 

(N 

CN 

• 

• 

• 

rH 

VO 

VO 

• 

• 

• 

<N 

CN 

CN 

CN 

3X  tqusojad 


m 

m 

VO 

• 

* 

* 

o 

o 

rn 

N4 

TJ4 

o 

rH 

rH 

CN 

in 

in 

LO 

ON 

"nm 


NADC-30257-60 


This  procedure  for  calibrating  the  control  is  the  most  accurate 
way  to  ensure  that  the  load  generated  by  the  variable-load  device 
is  in  conjunction  with  the  control  dial  reading.  The  dial,  thus 
calibrated  in  conjunction  with  one  variable-load  energy  absorber, 
is  compatible  with  all  similar  energy  absorbers  manufactured  to 
normal  production  tolerances.  Similarly,  any  dial  from  a  pro¬ 
duction  run  of  dials  whose  graduations  are  spaced  the  same  as  the 
empirically  determined  dial  would  be  compatible  with  any  such 
production  energy  absorber. 

7 . 5  PRECALIBRATION  OF  EACH  VARIABLE-LOAD  ENERGY  ABSORBER 

The  following  procedure  was  used  to  calibrate  the  tube-constrict¬ 
ing  mechanism  of  each  energy  absorber.  The  adjusting  ring  was 

rotated  to  bring  all  balls  lightly  into  contact  with  the  inver¬ 
sion  tube  (60  in. -lb  torque)  creating  a  no-load  condition  in 
which  the  steel  balls  will  not  deform  the  inversion  tube  as  it 
strokes,  thereby  adding  no  additional  load  to  the  energy  ab¬ 
sorber.  This  no-load  position  was  then  permanently  recorded  by 
scribing  a  line  on  the  housing  adjacent  to  an  index  mark  on  the 
adjusting  ring.  The  adjusting  ring  was  then  rotated  to  the  an¬ 
gular  position  (found  in  previous  testing)  which  permanently 
dents  the  balls  into  the  tube  slightly  beyond  that  which  is  re¬ 
quired  to  obtain  maximum  load.  The  adjusting  ring  was  then 
turned  to  realign  the  scribe  mark  with  the  index  mark.  In  this 
no-load  position  the  deforming  mechanism  can  be  synchronized  to 
the  remote  control  dial,  which  itself  is  set  to  its  minimum  read¬ 
ing  . 
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8.0  RETROFIT  INSTRUCTIONS 


8.1  ITEMS  REQUIRED 

The  following  is  a  list  of  items  required  to  retrofit  existing 
seats  with  variable-load  energy  absorbers: 


2  -  Variable-Load  Energy  Absorbers 

1  -  Deforming  Mechanism  Control  with  36-in.  long  flexshaft 
attached 

1  -  Flexshaft  (9.87  in.) 

1  -  Modified  Spacer  for  Linear  Bearing 

2  -  Worms 

2  -  Roll  Pins  (5/64  diameter) 

1  -  Coupling  Shaft 

8.2  RETROFIT  PROCEDURES 


1.  Remove  upper  right-hand  outboard  linear  bearing  spacer. 

2.  Replace  bearing  spacer  with  modified  spacer  (see  Figure  20) , 

3.  Install  control  (with  instructions  facing  seated  occupant) 
and  tighten  bolt.  Torque  to  60-80  in. -lb.  (see  Figure  21). 

4.  Preassemble  the  energy  absorbers.  (This  will  be  performed 
by  the  contractor.) 

a.  Left-hand  energy  absorber: 

Turn  the  adjusting  ring  to  align  the  scribed  marks  (see 
Figure  22).  Install  worm  and  9.87-in,  long  flexshaft 
to  the  worm  bracket  and  retain  with  the  5/64-diameter 
roll  pin  (see  Figure  23). 

b.  Right-hand  energy  absorber: 

Turn  the  energy  absorber  adjusting  ring  to  align  the 
scribed  marks.  Install  the  worm  and  3haft  to  the  worm 
bracket  and  retain  with  the  5/64-diameter  roll  pin  (see 
Figure  24 )  . 
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Figure  22.  Turn  adjuutiny  ring  to 
align  scribe  marks. 


Figure  24.  I<o T L-ha/i'l 
unorgy  absorber  assem- 
h  1  •/  with  ClexshaL't  and 
worm . 


Figure  2  4.  Uiyht-liand 
energy  absorber  iwiein- 
h l.y  with  worm  ohaCt  ainl 
worm . 
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5.  Remove  existing  energy  absorbers  and  install  variable-load 
devices  with  worm  bracket  towards  seat  bucket  (see  Fig¬ 
ure  25 )  . 

6.  Set  control  dial  for  152  lb  (i.a.,  total  minimum  occupant 

weight) . 

7.  Check  the  alignment  of  the  scribed  marks.  Turn  worms  if  ne¬ 
cessary  to  precisely  align  the  marks. 

8.  Make  a  loop  in  the  long  flexshaft  from  the  control,  insert 
free  end  onto  coupling  shaft  (end  nearest  control),  and  se¬ 
cure  with  set  screw.  Verify  that  control  dial  reads  152  lb 
when  scribed  marks  on  energy  absorber  are  aligned. 

9.  Install  short  flexshaft  (9.87  in,  long)  female  end  onto 
coupling  shaft  and  retain  with  set  screw. 

10.  Verify  that,  for  a  control  dial  reading  of  152  lb,  scribe 
marks  on  both  energy  absorbers  are  aligned. 

11.  Realign  if  nacaaaary. 
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;  9.0  CQHCLUS IONS 

/  ‘ 

The  objectives  of  the  program,  to  design,  develop,  and  test  a 
variable" load  energy  absorber,  have  been  achieved.  The  inversion 
tube  energy  absorbers,  in  conjunction  with  the  tube-constricting 
mechanism  and  remote  control,  allow  the  occupant  to  select  the 
limit  load  of  an  energy  absorbing  seat  to  correspond  with  his 
total  weight.  This  is  accomplished  by  having  the  occupant  adjust 
the  control  dial  to  indicate  his  estimated  weight,  including 
clothing  and  equipment,  a  procedure  which  should  be  performed 
during  tue  preflight  check.  Once  the  control  dial  is  set  for  the 
occupant's  weight/  no  further  action  by  the  occupant  is  required. 
The  control  dial  has  a  detent  mechanism  which  will  prevent  the 
control  from  moving  due  to  vibrations  during  flight.  Also,  the 
worm  and  worm  gear  on  each  deforming  mechanism  are  self-locking 
and  require  an  input  from  the  control  to  move.  This  is  an  impor¬ 
tant  aspect  because,  as  the  energy  absorber  strokes,  it  is  not 
acceptable  for  the  load  to  change  from  the  occupant's  initial 
setting . 

The  control  is  a  rugged  and  ..ompact  unit,  which  is  easily  acces¬ 
sible  and  is  adjusted  by  sight.  The  instructions  are  clear  and 
simple,  thus  reducing  operator  error.  Rotary  flexible  shafts 
are  used  to  transmit  the  motion  from  the  control  to  the  tube- 
constricting  mechanisms  on  the  variable-loaci  energy  absorbers. 
They  transmit  rotary  motion  in  both  directions  accurately  and 
consistently . 

The  variable-load  energy  absorber  achieves  its  total  load  from 
two  sources.  The  first  is  a  fixed-load  inversion  tube  energy  ab¬ 
sorber  identical  to  the  ones  currently  in  use  on  the  crewseats 
for  which  its  use  is  intended,  except  that  its  limit  load  is  set 
for  the  5th-percentile  lightly  equipped  occupant.  The  second 
source  of  load  is  variable  and  utilizes  constriction  of  the 
already-inverted  tube.  Because  the  variable-load  portion  of  the 
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energy  absorber  uses  a  by-product  of  the  fixed-load  portion,  its 

•troka  is  inherently  long  enough,  and  weight  and  cost  are  mini¬ 
mized  . 

The  QV'-’-all  package  size  of  a  fixed-load  inversion  tube  energy 
absorb  was  not  increased  much  by  the  addition  of  the  prototype 
tube-constricting  mechanism.  In  its  production  form,  the  tube 
constrictor  could  be  even  more  compact  due  to  integration  of  dif¬ 
ferent  components  with  each  other.  The  variable-load  energy  ab¬ 
sorber  system,  in  its  production  form,  would  weigh  only  about 
1  lb  more  than  existing  systems.  The  above-mentioned  features 
indicate  that  the  variable-load  energy  absorber  and  the  remote 
manual  control  system  moot  tha  ultimata  retrofit  goals  of  the 
program. 
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10.0  RECOMMENDATIONS 

Test*,  including  a  drop  test  and  evaluation  by  pilots  o f  the  con- 

trol  dial  and  its  location,  should  be  performed  on  the  SH-60B 
crewseat.  Data  from  testing  and  evaluation  should  bo  analyzed  to 
identify  possible  improvements  and  to  determine  if  further  test¬ 
ing  is  required  using  the  same  variable  system  or  a  modification 
of  this  system. 

Preliminary  studies  will  be  necessary  to  determine  the  variable 
energy  absorber  characteristics  required  for  the  UH-60A  and 
AH-64A  crewseats.  Minor  variations  of  the  concopt  developed 
thus  far  will  probably  be  necessary  to  serve  the  unique  require¬ 
ments  of  thoee  seats.  Different  bucket  weights,  oooupent  weight 
ranges,  energy  absorber  lengths,  and  stroking  distances  all  have 
to  be  accommodated.  Also,  the  location  of  the  control  dial  and 
routing  of  the  control  cables  will  differ  from  those  of  the 
SH-60&  because  u£  differences  in  the  neat  configuration,  a  modi¬ 
fication  of  the  control  dial  will  probably  be  necessary  due  to 
the  mounting  characteristics  of  the  UH-60A  and  AH-64A  crewseats. 
Additional  teats  and  evaluation  of  the  variable-load  energy  ab¬ 
sorption  system  on  the  UH-60A  and  AH-64A  crewseats  will  be  neces¬ 
sary.  A  testing  and  evaluation  schedule,  similar  to  that  fox  the 
SH-60B,  should  be  established. 

If  the  testa  prove  successful,  then  production  design  and  cost 
estimation  should  be  performed.  A  "value  analysis"  of  the  prod¬ 
uction  design,  including  the  selection  of  manufacturing  methods, 
should  be  performed.  For  example,  the  prototype  control  dial  and 
housing  were  completely  machined  ( hogged-out ) .  For  production, 
these  parts  could  easily  be  cast  and  have  only  the  necessary  fea¬ 
tures  machined  on  them  to  reduce  costs. 

Following  a  final  design  review  and  approval  by  the  branch  of  the 
armed  services  who  will  use  the  product,  a  vendor  should  be  se¬ 
lected  to  initiate  limited  production  of  the  variable-load  energy 
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absorber.  Additional  drop  tests  and  flight  evaluation  may  then 
be  desired.  After  the  final  testing  and  flight  evaluation,  a 
full  production  and  retrofit  program  could  be  initiated. 
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